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Abstract: The cell-free massive multiple-input multiple-output (CF-MMIMO) system integrates the advantages of distrib-
uted antenna systems and massive MIMO, enabling significant improvements in user coverage and spectrum efficiency
through the collaboration of multiple access points (AP). It is a highly promising architecture for future 6G communica-
tion networks. However, existing detection algorithms for CF-MMIMO systems fail to achieve a good balance between
complexity and detection performance. To address these challenges, a low-complexity optimal signal detection algorithm
was proposed for uplink CF-MMIMO systems, called Richardson semi-iterative network (RSI-Net), based on deep unfold-
ing networks. The Richardson semi-iterative (SI) theory was introduced, and replaced the existing parameter estimation
scheme with a deep unfolding network (DUN) trained with hidden layer parameters to achieve adaptive parameter estima-
tion in response to changing channel statistics. Additionally, to accelerate convergence, a scaling factor was introduced to
improve the distribution of eigenvalues in the iterative matrix. Simulation results demonstrated that RSI-Net algorithm
maintained low computational costs and excellent detection performance in CF-MMIMO systems with weakened channel

hardening characteristics, regardless of changes in the number of users or AP.
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H'H=(H'H)' =G". "JUIRH LI F4518: Gram
SRR AT FR IE e A6, L X A e 3 AR
1}5 E 100 4~ AP fi1 60 > UE i, CF-MMIMO R 4i 5
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B RESE, I AL R R E . TLE
HXF A2kt 2 I O T HARE, JEX e R AF
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*1 AP=100, UE=60 i, CF-MMIMO Z % {518 Gram %6f&

1 2 3 4 5 6 7

1 148.143+0.000i 5.308-8.944i -16.128+16.671i —-0.469+1.456i —-0.817-4.735i -5.913+12.386i 1.112+0.1361
2 5.308+8.944i 275.903+0.000i -9.868-17.277i —-8.187-4.778i 5.887+9.438i -4.307+22.883i 6.158+14.7331
3 -16.128-16.671i -9.868+17.277i 115.324+0.000i 4.851+1.3041 0.276+2.134i 7.437-4.291i 3.428+4.025i1
4 —-0.469-1.456i -8.187+4.778i 4.851-1.3041 116.853+0.000i -4.090-0.962i -3.199-2.044i -17.719+6.990i
5 -0.817+4.735i 5.887-9.438i 0.276-2.134i -4.090+0.962i 56.243+0.000i 6.833+2.5751 6.088+3.804i
6 -5.913-12.3861 -4.307-22.883i 7.437+4.291i -3.199+2.044i 6.833-2.575i 63.994+0.000i 5.100+11.114i
7 1.112-0.136i 6.158-14.733i 3.428-4.025i -17.719-6.990i 6.088-3.8041 5.100-11.114i 103.087+0.000i
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